The aim of this study was to assess the redox balance of organically managed dairy 2 cattle (OMC; n = 40) during the transition period and to compare this with conventionally 3 managed cattle (CMC; n = 22). Serum samples of dairy cows from two organic and one 4 conventional farm were taken. Markers of oxidants production [reactive oxygen species] 5 and total serum antioxidant capacity were measured in four different production stages: 6 (i) far-off dry (2 to 1 months before calving; 44 samples in CMC and 48 in OMC); (ii) 7
Introduction

21
Oxidative stress (OS) occurs when there is an increase in oxidant production and free 22 radical formation that overwhelms the body's capacity to neutralize and eliminate these 23 reactive radical forms (Sordillo and Aitken 2009). OS plays a key role in the initiation and 24 maintenance of several pathological conditions (Lykkesfeldt and Svendsen 2007) , 25 including reproductive diseases in the cow (Rizzo et al. 2012 ). In addition, there is 26 evidence that dairy cows undergo OS during the transition period (Bernabucci et al. 27 2005; Castillo et al. 2005) , which is thought to be a significant underlying factor in 28 dysfunctional host immune and inflammatory responses, thereby increasing cows' 29 susceptibility to health disorders (Sordillo and Aitken 2009) . 30
31
In conventional intensive dairy farming, the common practice of supplementing animals 32 with vitamins and trace elements during moments of increased metabolic demands, such 33 as the transition period, is an attempt at minimizing the harmful effects of excessive 34 reactive oxygen species (ROS) production (Politis 2012). This practice improves animals' 35 health status and reduces disease incidence (Bourne et al. 2008; Abuelo et al. 2014b) . 36
However, this is against the organic production principles, and the European Regulation 37 on organic farming (European Commission 2008) prohibits the use of systematic 38 synthetic vitamin supplementation. 39
40
As OS depends on milk yield (Löhrke et al. 2004; Castillo et al. 2006 ) and milk production 41 has been reported to be lower in organically managed cattle (OMC) than in 42 conventionally managed cattle (CMC; Hamilton et al. 2002; Fall and Emanuelson 2009) , 43 it could be hypothesized that the metabolic stress associated with early lactation could 44 be ameliorated in OMC. However, to the best of the authors' knowledge, there are no 45 studies that have investigated the redox balance of organically managed dairy cattle. 46 Therefore, the aim of this study was to make a preliminary assessment of the oxidative 47 http: //dx.doi.org/10.1111/rda.12519 presentation; all had free-stall barns with enough number of headlocks to allow all the 75 animals to feed together, and all have calvings all the year round. At each farm, all 76 animals were kept under identical conditions. The diets consisted of a total mixed ration 77 (Table 1 ). All feedstuff and pastures of OMC farms fulfilled the requirements on organic 78
farming (European Commission 2008). 79
The CMC farm and one of the OMC had only Holstein-Friesian cows, whilst at the other 80 OMC farm, a mixture of Holstein-Friesian (n = 12) and Brown-Swiss (n = 8) was used. 81
Samplings of these animals were grouped ex post into the four physiological stages 82 suggested by Van Saun (2009) Animals in the three farms were dried-off 60 days before the expected calving date, and 87 CMC supplemented with a vitamin complex injection (Table 1) . 88
89
As hitherto there are no reference intervals for oxidative status biomarkers (Celi 2011), 90 it was necessary to establish a control group to have a baseline value to compare with 91 test was used for post hoc comparisons. To achieve a normal distribution of the 130 residuals, the OSi was logarithmically transformed. 131
132
Within each farming system, differences between the studied physiological stages and 133 the control group were assessed with the two-tailed Student's t-test. This test was also 134 used to investigate whether the control groups of both managements differed. The 135 criterion for statistical significance was established at P < 0.05. 136
137
Results
138
No differences were found between the two organic farms for the oxidative status 139 biomarkers employed; hence, data of these animals were grouped together. CMC 140 recorded always higher milk yields throughout the study than OMC, for both early 141 lactating and control animals ( Fig. 1) . 142
143
The serum concentration of ROS was significantly influenced by the management type 144 (MT), the physiological stage (PhS) and their interaction (PhS × MT) ( Table 2) . 145
Throughout the transition period, OMC showed significantly lower levels of pro-oxidants 146 than CMC (Fig. 2a) , which was also observed in the control groups. Although for CMC, 147 no differences were found in the levels of ROS around calving, in the OMC, these levels 148 increased progressively from FOD until FRH and remained stable during the PkL. 149
However, the antioxidant capacity was significantly lower in OMC than in CMC (Fig. 2b ) 150 in all the studied stages of the transition period and also in the control animals; the levels 151 of OMC were close to half of the values shown by CMC in the same period. Although the 152 MT and the PhS × MT interaction showed a significant effect in SAC ( //dx.doi.org/10.1111/rda.12519 The OSi was significantly affected by the PhS, the MT and their interaction (Table 2) . 157
OSi values were always numerically higher for OMC in comparison with CMC (Fig. 2c) ; 158 however, only during the dry period (FOD and CUD stages) were these values 159 significantly higher, being the values during the lactating stages (FRH and PkL) similar 160 in both farming systems. Noteworthy, in the close-up dry period, the values of the OSi 161 were higher (meaning higher risk for OS) than at the beginning of the dry period in OMC, 162
but not in CMC. Also, in the control groups, a difference was found between the two 163 farming systems, with higher OSi values for the organic one. The breed of the animal did 164 not influence any of the studied oxidative status markers. 165 166 BCS was significantly affected by the PhS, the MT and the PhS × MT, but not by the 167 breed of the animals ( Table 2) . In each stage, CMC showed higher BCS than OMC ( http: //dx.doi.org/10.1111/rda.12519 The serum ROS levels of OMC rose progressively from the FOD until after calving and 184 remained stable thereafter. This finding has already been reported by Castillo et al. 185 (2005) , who, although using different oxidative status biomarkers, found an increase in 186 pro-oxidants in the close-up period, without significant differences between this period 187 and the one immediately following calving. They argued that this finding was a reflection 188 of the start of the metabolic adaptation of the dairy cow for the onset of lactation several 189 weeks before calving. After calving, milk production is responsible for the maintenance 190 of the cellular metabolism associated with a high ROS production (Löhrke et al. 2004; 191 Castillo et al. 2005 191 Castillo et al. , 2006 . In fact, the ROS levels of the FRH and PkL stages were higher 192 than those shown by the OMC control group, which also showed a lower milk yield than 193 the early lactating cattle. 194
195
At all the studied stages of the periparturient period, the levels of ROS were significantly 196 higher in CMC than in OMC. This could be attributed to the fact that also during the dry 197 period, when the metabolic demands should be similar for both OMC and CMC as neither 198 are lactating, CMC cows show a higher cellular metabolism as a consequence of the 199 adaptation for a higher milk production, which starts several weeks before calving (Bell 200 1995; Castillo et al. 2005) . In addition, the CMC control group showed a higher 201 concentration of serum ROS than the control group of OMC, which may also be 202 explained by the higher milk yield in CMC (Löhrke et al. 2004; Castillo et al. 2005 Castillo et al. , 2006 . as OS could either be a consequence of an excessive production of ROS and/or a 229 decrease in the body's antioxidant defence. Therefore, the joint evaluation of both 230 components of the balance through a ratio or index is a better practice than evaluation 231 of either component alone (Sharma et al. 1999 ). Thus, the OSi was calculated as the 232 ratio between pro-and antioxidants (Abuelo et al. 2013) . Unlike CMC, OMC did not 233 receive any kind of vitamin supplementation in the pre-calving stages. Therefore, the 234 increase in OSi shown by OMC in the FRH might be attributable to the metabolic 235 adaptation to lactation that commences in late pregnancy, particularly in the close-up 236 period (Castillo et al. 2005 ) and thereafter, similar levels were maintained due to thesupplementation before calving increased the risk of OS in OMC to higher levels than 240 what was observed in CMC at any of the stages from CUD onwards. 241
Bernabucci et al. (2005) reported that cows with higher BCS at the beginning of the dry 242 period and those with greater loss of BCS after calving show higher ROS and lower 243 antioxidant activity in the post-partum period. Our results are in agreement with these 244 findings; as in comparison with OMC, CMC always showed higher BCS before calving 245 (Fig. 2d, Table 2 ) and a greater BCS loss after calving (data not shown), and also higher 246 ROS (Fig. 2a, Table 2 ). The external antioxidant supply pre-calving to CMC impedes to 247 assess the natural association between BCS loss and antioxidants. 248
Although OS is affected by milk yield due to the increased cellular metabolism and 249 therefore ROS production (Löhrke et al. 2004; Castillo et al. 2005 Castillo et al. , 2006 ) and organic 250 cattle had a lower milk production than conventional ones, when the OSi was calculated, 251 OMC always showed a higher or similar risk of OS than CMC. Indeed, Pedernera et al. 252
(2010) studied the oxidative status of cows in early lactation in the Australian grazing 253 system in relation to energy balance and diet and found that the risk for OS was higher 254 in those animals fed a diet for a lower milk production, because of a higher production of 255 ROS. However, our results show that the higher risk of OS in organic cattle is more a 256 consequence of the reduced antioxidant capacity than the production of ROS itself. In 257 addition, of particular interest is the comparison between both control groups. When 258 theoretically the cow has no major metabolic burdens, the levels of OSi, and 259 consequently the risk of OS, were significantly higher for OMC than for CMC. This implies 260 that this difference between OMC and CMC in terms of OS risk was not only related to 261 the metabolic changes associated with the periparturient period, but also to the diet, the 262 animals were fed and, specifically, the amount of antioxidants offered to them. 263
The limitations of this preliminary study include the reduced number of farms involved 264 and the differences in diet composition between OMC and CMC farms; however, to the 265 best of our knowledge, this is the first report investigating redox balance in OMC and 266 http://dx.doi.org/10.1111/rda.12519 multinational studies comparing OMC and CMC are lacking, and studies comparing 267 OMC and CMC are usually at a regional or national level. Besides, as OMC have lower 268 milk yields than CMC (Hamilton et al. 2002; Fall and Emanuelson 2009 ), their diets 269 should meet different requirements, and therefore, the differences in their composition 270 and nutritional value are a reflection of the management practices. The injection of a 271 multivitamin complex to close up CMC prevents the identification of the physiological 272 pattern of redox markers at the time of calving in these animals; but as supplementing 273 cows with vitamins and trace elements is a common practice in conventional farms 274 aiming to reduce post-partum disease incidence (Abuelo et al. 2014b) , the results of this 275 study compares the oxidative status of cows under the common practices of their farming 276
system. 277
Thus, further studies including a larger number of animals and farms are needed to fully 278 characterize the oxidative status of OMC for providing a better insight into the adaptation 279 of OMC to the transition period, and study whether including natural antioxidants in the 280 diets of OMC are need for protecting the oxidative status of organically kept cows. 281
Conclusions 282
Our results showed a significantly lower antioxidant capacity of the animals of the organic 283 farms throughout the transition period, in comparison with the cows of the conventional 284 farm, while the levels of serum pro-oxidants were also lower in organic dairy cattle 285 compared with intensively managed ones. This implies that organically reared cattle 286 might be at a higher or similar risk of OS than animals kept under intensive farming 287 systems. Therefore, further studies are needed to confirm the current observations and 288 the possible need of attention towards safeguarding the redox status of OMC. 
